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Abstract: In order to study the calcium speciation characteristics in leaves of golden Camellia species under different
habitats, 10 species of golden Camellia from calcareous soil habitats and four species from acidic soil habitats were used
as the research objects. The calcium content (Soil-Ca) and pH (Soil-pH) of habitat soil, and the contents of calcium
nitrate and calcium chloride ( AIC-Ca), water soluble organic acid calcium (H,0-Ca), calcium pectate ( NaCl-Ca),
calcium phosphate and calcium carbonate (HAC-Ca) , calcium oxalate (HCI-Ca) , calcium silicate (Res-Ca) , and total
calcium (Tot-Ca) of leaves were measured. The results were as follows: (1) the Soil-Ca and Soil-pH of calcareous soil
were extremely significantly (P<0.01) higher than those of acidic soil. (2) The leaf calcium speciation of golden
Camellia species from calcareous soil habitats was primarily HCI-Ca (41.17%) , while species from acidic soil habitats
was primarily NaCl-Ca (43.10%), and all calcium speciation and total calcium content in leaves of species from
calcareous soil were extremely significantly (P<0.01) higher than that from acidic soil except for AIC-Ca and NaCl-
Ca. (3) Correlation analysis showed that most of the content of calcium speciation in leaves was extremely significantly
(P<0.01) and positively correlated with Soil-Ca and Soil-pH, indicating that soil environment had an important
influence on the leaf calcium speciation characteristics of golden Camellia species. (4) According to one-way ANOVA ,
the content of each leaf calcium speciation was extremely significant ( P<0.01) difference among the species in golden
Camellia revealing that the calcium speciation characteristics had a considerable variation during the species
differentiation. (5) Cluster analysis based on calcium speciation characteristics showed that the 14 species of golden
Camellia could be grouped into three categories. In summary, the differences in leaf calcium speciation of plants of
golden Camellia species in different habitats may be the consequence of a combination of soil environmental and genetic

factors. The results of this study will help to understand the adaptation mechanism of golden Camellia species to soil

calcium and provide a reference for the formulation of conservation measures.
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0.000 5) g FHRERYARMNE] 50 mL #9255 804
JIA 20 mL 80% £ BT 30 °C 1 LK 4% rh e 5 42
BU1h,4000r - min 550> 10 min; B FIERGTIER
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Table 1 ~ Sampling information of 14 golden Camellia species
Ty P =N
R RHEE R A 4 pH LI B
. : . . . . . Soil Ca content
Habitat soil type ~ Species Sampling location Soil pH (mg - ke

AR L

Calcareous soil

M k< £ 2 CIM

Je M 4145 CLO

J7P S b R H AR X

Nonggang National Nature Reserve of Guangxi

)P FE B R AR 1 SRR AR X

6.61+0.48b 2 536.14+942.54cd

6.99+0.27ab 5 121.01+1 010.38ab

Nonggang National Nature Reserve of Guangxi

Frig 4 e 2% CLI

)T R R R H AR X

6.93+0.17ab 3 491.45+£571.24bc

Nonggang National Nature Reserve of Guangxi

FrAIERE CGR

)T R R R H AR X

6.98+0.59ab 5 882.71+1 615.88a

Nonggang National Nature Reserve of Guangxi

EMEALAE CPU T HRIRL AR X

7.28+0.13ab 5 958.49+1 488.48a

Longhushan Nature Reserve of Guangxi

LA AWK CPE TR

7.00+£0.51ab 3 309.93+964.87bed

Tingliang Township, Ningming County, Guangxi

A4 E% CTE  J RS H/ML S

6.90+0.35ab 1 952.3+760.24cde

Xiaoshan Township, Tiandeng County, Guangxi

IRE A LSS CFL

JV R T T PY 2 8 XU B

7.32+£0.06a 3 529.01+1 263.73bc

Shuangding Town, Xixiangtang District, Nanning City, Guangxi

SEHRATE CPI TP B P4

7.53£0.28a 5 385.95+1 361.66a

Taiping Town, Pingguo County, Guangxi

SR CHU T PRI B 45 &

7.19+0.37ab 4 501.84+1 482.76ab

Pojie Township, Tian’ e County, Guangxi

R PE+ R4 AEHE CTU
Acidic soil

Fangchenggang, Guangxi
GAEAE CNI

JURB SR AL R G A SRR X

Golden Camellia National Nature Reserve,

I PGB A AR 2R K G SRR X

Golden Camellia National Nature Reserve,

Fangchenggang, Guangxi

BIk4 S CEU

T B S AL A R R A SRR X

5.00+0.37d 596.56+124.28e
3.82+0.23e 396.87+163.88e
5.21+0.57d 483.54+103.69¢

Golden Camellia National Nature Reserve,

Fangchenggang, Guangxi

/N AESR CPA

JoPE T B BLFYR £ Zhilang Township, Ningming County, Guangxi 5.86+0.15¢

1 473.75£327.24de

T B I b 22 s ARVNE P RRIR 25 B3 (P<0.05),

Note: Dada indicate xts; different lowercase letters indicate significant differences ( P<0.05).
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MGEALE, SRR A, Hoax 4 Fh it 858 28 Kot i

BES I PRI A K SRS B3 (P<0.01)
TR+ &S, FMHEERSTRTEA K84
A5 B KM IR R TR S (41.17% ) S K TR 65
(27.67%) FETR 45 (16.36%) | B W2 55 F Bk 12 45
(13.82%) JKIHEHEAHLERES (0.61% ) i 55 F1 A&
55 (0.37% ) ;1M 78 FR 4 1= 4 A6 45 v i R /N Tk
R IEIR Y (43.10% ) LIRS (28.70% ) B R 5
FRRTRES (17.13% ) HEFRES (10.16% ) i IR 55 Fl
FALES (0.53%) KEHEAE VLIRS (0.37%) , H
rh B R S AN A S KV TR ML A5 TE A K 4
AR VE & 4 AL 25 b iy & 1 B IR, B o L 5]
PR B A 1%,
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Table 2 Comparison of soil environment and leaf calcium speciation between golden

Camellias species from calcareous soil and acidic soil

AR AT

545 Index Golden Camellias

species from calcareous soil

R+ 4 b 2%
Golden Camellias

species from acidic soil

a5 0L

Significant difference

+3% pH Soil-pH

455 5 it Soil-Ca (mg - kg™)

I R A5 A AL 45 AIC-Ca (mg - kg™)
K P HLBRES H,0-Ca (mg - kg')
R %S NaCl-Ca (mg - kg™)

- PR 4 R R 45 HAC-Ca (mg - kg')
R4S HCl-Ca (mg - kg™)

iR ES Res-Ca (mg - kg™)

45 5 Bt Tot-Ca (mg - kg™)

7.07+0.39

19.79+12.43
32.29+17.08

1 462.90+187.87
730.51+187.60
2 176.80+249.68
864.80+181.08
5287.10£673.75

4 166.88+1 680.65

4.97+0.83 ok
737.68+481.25 sk
15.99+8.07 NS
11.28+10.54 sk
1 296.58+326.13 NS
515.42+ 231.44 sk
863.44+862.50 sk
305.65+445.77 sk
3 008.35+1 773.53 sk

W ooex RN B EER(P<0.01); NSERLTBELS,

Note: #** indicates extremely significant difference (P<0.01) ; NS means no significant difference.

2.2 TR E MR SEE X

AR S BT WK, 48 5 5 45 i85 TR 2 )
BIAESETE(R) ]9 0.12~0.95( K 1), Hir, +3 pH
54 e 5 B R S IE A G (P<0.01) , 1
pH 5 4% i 45 1 25 (B30 1R 805 Al AL 85 oh ) 24 2 4
BEIEML(P<0.01), HIESESESH S8
KA VLR ES | SR ES LR RS | R B A Ak
i 15 45 5 9 75 5 i 3 (P<0.05) ol b i 2 ( P<
0.01) 1FAH &, {5 55 i 1R 85 1 48 T0 5 | S M 12 45 AH
KMARBE(P>0.05), MEEEGEYS 6 fBIES
AR MR R B B 2 (P<0.05) K LA FKF, Hir
55 RORR A 5 R R A5 AH G 3 il 35 0.95 F1 0.92, %
AP 3 08 e 5 1 2500 I 50 B B S R e K, TR
B 5 T R G ) A 6 P Ik 0,82, B 18R 455 M Bk 1R 415 5
LIRS Ak R B AH G HE 73 313k 0.70 F10.71, KB
2 MBS TR S M) A AE A B
23 EHFAEY RN BESILERBESF

FARIR 5 2250 B WoR 45 85T A8 o B
THTE 14 PG ALY R A 1 R I AR 2 22 R
(P<0.01) (& 2), Horr, mme e f s e s & &t L
FriE A b a5 it i (50.48 mg - kg') P B EE TH
A AE2% . KU PEAE AL TR F5 SR e TR 465 1Y) 7% & 40
SILL R4 B 55 (56.41 mg - kg ) FITR A4 4 46 2%
(1739.33 mg - kg ) Femy, WAL AT ARk IR 415 7 =
PITHAE 4 6 255 55 (1 087.00 mg - kg') 8K
fik(358.83 mg - kg') , & ALAS WK S AEAS AR 2%

SACKAE 3 PR PE L IR B i B3 (P<0.05) K
TREBG A K LB AZERIE, IR, R RR A % &t
DATHUAE 42 AE S e (2 743.67 mg « kg™ ) (B AEAS i
5 (268.5 mg - kg™, 1 Ak 2 5 5 12 U] AP SR 4 4K
Zehi(1164.23 mg - kg') G 4B Zk e (53.21
mg - kg') o ALK WIKBAS FRMNEHLEE3
FRfR M+ & LA M 58 8 & AR E R O — 3, H
B AT AL R S & i W3 (P<0.05) IR T A K 142
R INREIETE M IE A& B IE 5 A K
TR N — 3, WS & E S K
SR LA AR IO 5 R (P>0.05)

E—2L R R T LR T 14 Fh L5 Fh
] A AT A4 AE , 18] 3 25 SRR , 14 Fh 4 4625 7T K1
SR =R, T MRS R A5 TR AR DR R R
B S ST G A S N S vl { A S i { A A
IT. S5 il rh 5T A DR IR TR 45 5 B R 75
JEHIRE AR  EWESIEAE eI A5 M
WkasAbeds A e ds, M. b S5 3 i 58
BURRES R ¥ A& SR T X} a4t F
A TUE GRS SN G IERE DREIES

3 W54
I 0 S 4 T 3% S PR, o L I S R A

AT S8 A BT 4 7 AL 08 T 0 5 b - SRR 45 Y
PHEAE PG NLHL . EERAEAE (2011) HRH A
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+##EpH Soil-pH

‘ + 34 #E Soil-Ca

021 0.12

AR B5 M S AL 85 AIC-Ca

0.54%* [ 0.50%* 0.44%* 7K yA A HLER 45 H,0-Ca

0.41%*

0.20 0.44%* 0.42%* - JLERES NaCl-Ca

0.48%* 0.32* 0.26 !ﬂ&ﬂw 0.57%% SRR ¥5 MKk 4S HAC-Ca

‘ 0.55%% 0.20 0.54*%* 0.47** ‘ HE R4S HCI-Ca
‘ ‘ 0.40%* ‘ 0.56%* ‘ ' LR 45 Res-Ca
‘ 0.55%* (.33* . ‘ ‘ ‘ ‘ I 3445 4 5 Tot-Ca

# Il 3 ZRIRTE 0.05 A1 0.01 K AR SEPE 3%

* and #*+* indicate significant correlations at 0.05 and 0.01 levels, respectively.

B 1 £#FLIERESHSESNEXE

Fig. 1

Hr e b, DA - B S S R 1 216.82 mg -
kg™, AR AR L X HE A B9 O 767.94 mg - kg,
JUR UL s r 45 b DX K, BT ( Liquidambar
formosana ,1 173.25 mg - kg™) . # f% ( Cinnamomum
parthenoxylon,1 024.87 mg - kg ) . F #& ( Toona
sinensis ,963.63 mg - kg ) % FFIH L5 (2013) )
T 11 PR R B A 8 (Primuling ) FH )
PO AL, Hoh ok A KA S R
T2 S5 & By 2 285.6 mg - kg BB UUA
BRME 1R 1 379.3 mg - kg JFEE ML 5 4 KA
9 1329.1 mg - kg, ARMITEH, KA
MRk < 4B 2% A5 5 A0 S5l 1K 5 28710 mg -
ke Fl1 3 008.35 mg - kg™, I = T ik Ml X G A
Y, R AL R ALY BA BB ES W AR AE T, BR
Yikh 22 581, 4 AR5 A W) B0 om A% ' 4R RE ) 1Y

Correlation between soil environment and leaf calcium speciation of golden Camellia species

SRR AT RESE G T AR AL B, 5
E(2007) EMEITRE R MAE S RE PR B, A
[vi] J22 U R 0 % T = B B IR R 25 5, ok
HEAZHA R AR RS E £/, AKE
AR S R E TR LA,
e S HA N HHEEE NSRS pH A%, X
FTEARF RS R KBS b, A K+ 41k
AFNRE - 4 A6 A5 T RBIE B T 20 R 19 85 & 4 45
T I AL

A0V 55 A PR S 25 £ R, R O AN T 4 3R
HEEIH Z —, WaEE(2011) R KM,
I S0 b XA 40 I T 2 DA SR i TR 45 ( 27.91% ~
32.82% ) 2k F, 1M AE W& 1y 48 M DX AT 4 U] D R R
(33.69% ~34.34%) J £, AWFFRERBR, A K
T BRI AR LR IR TS (41.17% ) 2 £, MR
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®E 4000 . T
TS 000 @ [oell ™ {foeafea ffea foic ot )= fioed I‘“‘I“bc
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Fig. 3 Cluster tree analysis diagram of the leaf calcium speciation characteristics of 14 golden Camellia species
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